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ABSTRACT 

Data from a tag and recapture p ro jec t  conducted between 1967 and 1972 were 
s tudied  t o  es t imate  migratory timing of 15 upper Copper River sockeye salmon 
(Oncorhynchus nerka) S ~ G C ~ S .  Time dens i ty  ca lcu la t ions  were used t o  charac- 
t e r i z e  mean date  of migrat ion,  va r i a t ion  about the  mean, form, and s t a b i l i t y  
of these  measures between years .  Travel r a t e s  were used t o  es t imate  the  mean 
calendar da te  of migration through the  Copper River commercial f i s h e r y  d i s t r i c t  
of Prince William Sound. 

River level showed s i g n i f i c a n t  negat ive c o r r e l a t i o n  with tra.ve1 r a t e  and was a  
source of interannual va r i a t ion  in mean da te  of migrat ion.  Mean calendar da te s  
of migration varied by stock and were grouped with a  Student-Newman-Kuels t e s t  
i n t o  s i x  time spans which s i g n i f i c a n t l y  d i f f e r e d  from one another.  Interannual 
va r i a t ion  in  mean migration d a t e  increased over time, with e a r l i e r  s tocks  dem- 
ons t r a t ing  g r e a t e r  s t a b i l i t y  than l a t e r  s tocks .  The majori ty of migratory time 
d e n s i t i e s  were pos i t ive ly  skewed, p l a tykur t i c  forms, which were r e l a t i v e l y  s t a b l e  
between ye'ars. 

Due t o  the  overlap of time dens i ty  ranges, individual  s tock f i s h e r y  management 
i s  not deemed f e a s i b l e .  Management of groups of s tocks ,  according t o  c l u s t e r s  
of time dens i ty  means, i s  f e a s i b l e .  I d e n t i f i c a t i o n  of the  upper Copper River 
stock composition within a  commercial f i s h e r y  time period wi l l  a s s i s t  t he  manager 
in assess ing  stock abundance and the  impact of the  f i s h e r y  on s tocks .  

K E Y  WORDS: migratory t iming,  salmon f i s h e r y  stock composition, r u n  t iming, 
tag  recovery a n a l y s i s ,  mark and recapture  ana lys i s ,  migration 
time dens i ty ,  salmon t r ave l  r a t e  



INTRODUCTION 

When mixtures of stocks of unequal productivi ty a r e  harvested together ,  the 
maximum yie ld  wil l  be l e s s  than i f  stocks were harvested separately (Ricker 
1973). This i s  because d i f fe ren t  r a t e s  of exploi ta t ion a re  needed t o  a t t a i n  
each s t ock ' s  best y ie ld .  To determine i f  the yie ld  of a f i shery  can be 
increased through individual stock harvest management, stocks must be iden t i -  
f i ed  by objective c r i t e r i a ,  such as migratory timing. 

Migratory timing i s  described by Mundy (1979) as a predictable schedule of 
movement which i s  genet ica l ly  transmitted.  Kill ick (1 955) observed t ha t  t h i s  
pattern of movement maintains a chronological order over vas t  distances (1056 
k m ) .  Therefore, migratory timing i s  a  r e l a t i ve ly  r e l i ab l e  cha r ac t e r i s t i c  of 
a stock. Migratory timing i s  not d i r ec t l y  dependent on date ,  b u t  r a the r  the 
maturation process, which i n  turn i s  influenced by environmental and biological 
fac tors  (Sheridan 1962, Royal 1953). These fac to rs  contribute t o  var ia t ion in 
the mean da te  of migratory timing. Mundy (1979) found t h i s  var ia t ion t o  be 
conservative in Bristol  Bay, and the interannual means t o  be normally d i s t r ibu ted .  
Migratory timing has been used t o  segregate stocks in many systems, including 
the Fraser River (Ki l l  ick 1955), Chignik River (Dahl berg 1968), and Yukon River 
(Buklis 1981). 

When migratory timing i s  associated with a given time in terval  a s  measured from 
a f ixed point ,  the  proportion of a population within t ha t  time in terval  defines 
i t s  probabi l i ty  of occurrence. Every migration has a probabi l i ty  density function,  
and t h i s  i s  referred to  as i t s  time density.  Time dens i t i e s  have moments because 
they a re  probabi l i ty  dens i t i e s ,  in pa r t i cu l a r ,  a mean ( f i r s t  o rde r ) ,  variance (sec- 
ond o rde r ) ,  symmetry o r  skewness (a  function of the  t h i r d  moment) and kur tos is  
(a function of the fourth moment). Estimates of these moments a1 low comparisons 
within and between years ,  assuming time interval  s  remain unchanged (Mundy 1983). 
Time dens i t i e s  appear t o  be independent of the  t o t a l  abundance of a population 
(Mundy 1979). 

Data from a tag and recapture project  conducted between 1967 and 1972 f o r  escape- 
ment estimates were examined by the authors f o r  information on migratory timing. 
The observed time dens i t i e s  of 15 sockeye salmon (Oncorhynchus nerka Walbaum) 
stocks through Wood Canyon i n  the upper Copper River, Alaska, a r e  exhibited in 
t h i s  paper. Form, mean date  of migration, var ia t ion about the mean, and the 
consistency of these measures between years were studied f o r  15 stocks u s i n g  
yearly time dens i t i e s .  Calculated travel  r a t e s  over time were used t o  est imate 
the mean date  of migration through the Copper River commercial f i shery  d i s t r i c t  
of the Prince William Sound management area.  The objective was t o  determine the 
f e a s i b i l i t y  of individual o r  grouped-stock harvest management schemes f o r  upper 
Copper River sockeye salmon. 

Project  Background 

In 1966 the  Branch of River Basin Studies of the U.S. Bureau of Commercial Fish- 
e r i e s  (Alaska Region) i n i t i a t e d  mark and recapture s tudies  to  est imate the 
number of salmon passing through Wood Canyon on the Copper River. The Alaska 
Department of Fish and Game, Commercial Fisheries Division, joined e f f o r t s  with 
the federal s tudies  in 1967 and assumed complete control of the mark and recapture 



work in 1969. A major program was continued through 1972 u t i l i z i n g  various 
s i t e s  a t  Wood Canyon a s  well a s  downstream a t  Baird Canyon and Miles Lake. 

The mark and recapture  s tud ies  conducted in 1966 used a combination of f i n  
c l i p s ,  so the data co l l ec ted  could only be used f o r  population es t imat ion .  
During the s t u d i e s  conducted from 1967 through 1972 numbered sequence t ags  
were used, allowing not only population es t imates  b u t  a l s o  evalua t ions  of 
t ravel  r a t e  and d i s t r i b u t i o n  in time of various s tocks .  Previous t o  t h i s  paper,  
various r epor t s  discussed upper Copper River sockeye salmon stock enumeration 
and timing f o r  the years  1967-72 ( see  Greenough 1971 ; Larson 1967; Larson and 
Fridgen 1968; Fridgen and Roberson 1969, 1971; Roberson and Fridgen 1972, 1974; 
Roberson e t  a1 . 1974), but q u a n t i t a t i v e  evaluat ion of the  data from a1 1 years  
combined has not been examined. 

Study Area 

Originat ing on the  north s lope of M t .  Wrangell, t he  Copper River flows through 
the Chugach Mountains i n t o  Prince William Sound, which forms t h e  northern pe r i -  
meter of the  Gulf of Alaska (Figure l ) .  The Copper River i s  more than 530 km 
long, and, with i t s  t r i b u t a r y  waters ,  i s  t h e  l a r g e s t  salmon r i v e r  in cen t ra l  
Alaska. I t s  r e l a t i v e l y  s t eep  grade of 2.1 m / k m  i s  considered typica l  of g l a c i a l  
streams. Deposited g lac ia l  s i l t  has created a d e l t a  which spreads along the  
Gulf of Alaska f o r  a  d is tance  of 70 km (Thompson 1964). 

A t  t he  mouth of the  Copper River de l t a  i s  t he  Copper River commercial f i s h e r y  
D i s t r i c t ,  which includes waters lying between Hinchinbrook Island and Cape Martin. 
Sockeye, coho (0 .  k i s u t c h )  , and chinook salmon (0. t s h a w y t s c h a )  a r e  the  major 
commercial spec ies ,  and l e s s e r  numbers of chum (0. k e t a )  and pink salmon (0. 
g o r b u s c h a )  a r e  taken inc iden ta l ly .  Each boat in  t h i s  D i s t r i c t  i s  allowed t o  
f i s h  a  maximum of 150 fathoms of d r i f t  g i l l  ne t  gear .  Commercial f i s h i n g  norm- 
a l l y  begins i n  mid-May and i s  regulated by f i e l d  announcement. The c o m e r c i a l  
sockeye f i s h e r y  i s  e s s e n t i a l l y  complete by the  end of  Ju ly ,  with the  major i ty  
of the  catch taken between l a t e  May and mid June. 

A subs is tence  f i s h e r y  i s  located between Chit ina and the  confluence of t h e  Slana 
River on the  upper Copper River. Subsistence fishermen a r e  issued d i p  ne t  and 
fishwheel permits with catch a l loca t ions  dependent on gross family income and 
family s i z e .  

METHODS A N D  MATERIALS 

Salmon were captured with fishwheels from 1967 through mid-1972 and with a  91 
m beach se ine  during the remainder of 1972. Fishwheels were loca ted  a t :  1  ) 
Miles Lake ( r i v e r  km 48 .3) ,  a  tag and r e l e a s e  s i t e ,  one wheel on each bank from 
1970 t o  mid-1 972, and 2 )  Wood Canyon ( r i v e r  km 152.9) ,  a  recovery and re1 ease  
s i t e ,  two wheels on each bank from 1967 through 1972. The beach se ine  was used 
only a t  Miles Lake. Fishwheels were designed with wooden l ive -ca r s  t h a t  allowed 
c i r c u l a t i o n  of water ,  and f i s h  captured with the  beach se ine  were placed i n  a  
holding pen. 
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Fi  g u r e  1 . Copper  R i v e r  d r a i n a g e .  



Spaghetti tags were used in 1967, and from 1968 through 1972 various lengths 
and colors of Floy FD-67 internal  anchor tags were used. Spaghetti tags were 
applied with a  special tagging needle while internal  anchor tags were applied 
with a  Floy FD-67 tagging g u n .  The adipose f i n  was clipped from each tagged 
f i sh  to  serve as a  secondary mark. From 1966 through 1968, the length and sex 
of every f i s h  was determined and sca le  samples were collected from some f i s h .  
During the years 1969 through 1972 the sex of every f i sh  was determined; however, 
only limited samples of lengths and scales  were collected in order t o  minimize 
hand1 ing. 

Tag recovery methods used on the spawning ground included SCUBA with spears,  
occasional shooting with r i f l e s ,  snagging wi t h  rod and reel , dip-net t ing,  spear- 
ing, and hand col lec t ion.  

Tag recovery data were t ransferred t o  forms developed in 1978 and 1979 and key- 
punched. Computer treatment of the data included sor t ing by tag number, da te ,  
tag and recovery locat ions ,  and calcula t ing the distance traveled per day by each 
tagged f i s h .  

In 1970 and 1972 f i sh  tagged a t  Miles Lake were recovered a t  Wood Canyon, a  d is-  
tance of 104.6 km. Travel r a t e s  were calculated by dividing the number of days 
elapsed between re lease  and recovery, and tes ted  with a  one-way analys is  of var i -  
ance f o r  differences between months. Travel r a t e  data f o r  1970 and 1972 were 
combined and a l i nea r  regression by month was used t o  obtain an est imate of travel  
r a t e  in the Copper River over time. 

Migratory time density ca lcula t ions  were based on population est imates developed 
by Frohne (1982). An estimate of the number of f i sh  from a  given area j, pass- 
ing the  tagging s i t e  during a  given period ( t h r ee  day interval  ) k ,  i n  year i ,  i s  

where F i s  the number of tags recovered, P i s  the proportion of the  escapement 
tagged, s i s  the survival and R i s  the porportion of a  stock examined f o r  tags. 
In cal cul a t i  ng  ui jky the fol  1 owi ng assumptions were appl i  ed : 

1 )  the proportion of f i sh  tagged i s  constant within year (pi, = P ; i. see Table I ) ,  

2 )  survival through the upriver subsistence f i shery  i s  constant within 
year (sik = s ; see Tabl e 1 ) , and 

i. 

3)  the proportion of tags examined (R .) var ies  by year and spawning 
area ( see  Table 2 ) .  i 1 

For example, s ix  tags (F) were recovered from Mahlo Cr. (j) f i sh  which had been 
tagged on 12, 13, o r  14 June (k) , 1967 (i) . From Tabl es 1  and 2, the product 
P ~ - s ~ . R ~ .  i s  determined t o  be 0.079. Thus, ui.k = s ix  tags divided by 0.079, 
or  an es{imated 76 f i sh  from Mahlo Cr. passed {he tagging s i t e  during the 3-day 
period surrounding 13 June 1967. 



Tab1 e 1 .  S t a t i s t i c s  from which t h e  p r o p o r t i o n  of f i s h  tagged (P. ) and 
s u r v i v a l  (s. ) were e s t i m a t e d .  1. 

1.  

Tags Applied 14,850 15,294 19,388 15,920 14,361 8,010 

Estimated 
EscapementTagged 0.0980 0.0656 0.0389 0.0525 0.0295 0.0283 

(Pi ) 

S u b s i s t e n c e  F i shery  
Tag I n t e r c e p t i  on 1 ,618  2,399 1 ,860  1 ,649 71 2 457 

Est imated Surv iva l  
(Si I 0.8910 0.8431 0.9041 0.8964 0.9504 0.9429 

Cal cul  a t e d  a f t e r  Greenough (1 971 ) . 



Table  2 .  Est imated p r o p o r t i o n  o f  t h e  escapement examined ( R i j  ) and t o t a l  number ( n )  o f  t a g s  recovered by s t o c k  
and y e a r .  

S tock  1967 1968 1969 1970 1971 1972 Tot a 1 

R i j  n R i j  n R i j  n R i j  n ' i j  n R i j  n i%' 

Fish Cr. - Mentas ta  

F i sh  Cr. & L k .  

Mentas ta  L k .  

S t .  Anne Cr. 

Mahlo Cr. 

S u s l o t a  Cr. & L k .  
I 
m 
I 

12  Mile Cr. 

Gulkana R. :  Paxson- 
Mud Cr. 

Mendel t n a  Cr. 

Mud Cr. & L k .  

Upper K l u t i n a  R.  

Lower Tonsina  Cr. 

Gulkana R :  Mud Cr. - 
Summit 

Long Cr. & L k .  

Tonsina  L k .  



Tagging e f f o r t  between years was r e l a t i ve ly  constant ,  waning s l  igh t ly  in 1971 
and 1972. Tag recovery by the upriver subsistence f ishery  was r e l a t i ve ly  con- 
s t a n t  between years. Tag recovery e f f o r t  on the spawning grounds was r e l a t i ve ly  
constant between years b u t  di ffered between spawning areas ,  due t o  d i f ferences  
in accessi bi 1 i  ty.  

Time density functions developed by Mundy (1979, 1983) possess moments as do an 
ordinary random var iable ,  f o r  example, the mean, variance, skewness, and kur tos is .  
Sample moments of time density functions were used t o  quantify sockeye salmon 
migratory behavior. The time span over which the migration occurs i s  denoted 
by T. A value within the range of T ,  t i ,  i s  the a r r iva l  of an individual during 
the i - t h  time in te rva l .  The probabi l i ty  d i s t r ibu t ion  of T i s :  

where f ( t i )  i s  the time density of T ,  xi i s  the number of salmon tagged per time 
in te rva l ,  and n i s  the to ta l  number tagged. The mean i s  the f i r s t  moment and i s  
defined as :  

The variance i s  the second moment about the mean and i s  defined as :  

An est imate of skewness, or  asymmetry, i s  

where s i s  the square root  of s2,  the sample variance determined above. An e s t i -  
mate of kur tos is ,  o r  "peakedness", i s :  

RESULTS 

Mean travel  r a t e  of tagged sockeye salmon was inversely corre la ted with r i ve r  
level  in 1979 (r = -0.72; a 95% confidence interval  extends from -0.83 t o  -0.58; 



Figure 2 and 1972 [ r  = -0.59; a 95% confidence interval  i s  (-0.76, -0.30) ; 
Figure 31. The independent var iable ,  r i ve r  l e v e l ,  accounted fo r  52% and 35% 
of the var ia t ion in  sockeye travel r a t e  f o r  the years 1970 and 1972, respect ively .  
Mean monthly r a t e  of tagged sockeye salmon in 1970 decreased from 10.25 kmlday 
in June to  4.53 km/day in August. Data from tagged sockeye salmon in 1972 
showed a s imi lar  trend,  a1 though mean travel  r a t e  per month was 20% l e s s  (Tab1 e 
3 ) .  The slower travel  r a t e  observed in  1972 may have been caused by the higher 
water level (and associated higher water ve loc i ty )  of the  Copper River. During 
the dates 9 June t o  30 July mean water level was 26% grea te r  in 1972 than in 
1970, a s ign i f i can t  difference (t = 3.46, df = 62, P < 0.0011. Travel r a t e  data 
f o r  1970 and 1972 were combined and a 1 inear regression was used t o  obtain an 
estimate of travel  r a t e  in the Copper River over time [r  = -0.65; a 95% confi- 
dence interval  i s  (-0.75, -0.53); Figure 41. 

The mean date of migration a t  Wood Canyon d i f fe red  between stocks. A Student- 
Newman-Keul s  (SNK) t e s t  (Ni e e t  a1 . 1975) was used t o  group the absolute mean 
dates in to  s ix  time spans which s ign i f i can t ly  ( a  = 0.05) d i f fered from one another 
(Table 4 ) .  

Interannual var ia t ion in mean migration date a t  Wood Canyon tended t o  increase 
over time [r = 0.73; a 95% confidence interval  i s  (0.32, 0.88); Figure 51. Thus, 
the mean migration date of ear ly  stocks tended t o  be more consis tent  year-to-year 
than the  mean migration date of l a t e r  s tocks.  No re la t ionship  was found between 
intra-annual variance of migration and mean date  of migration. Thus, dispersion 
of the migration in a given year var ies  between s tocks ,  regardless of mean migra- 
t ion date (Table 5 ) .  

Mean r i ve r  distance t o  the spawning grounds was inversely corre la ted with the 
mean migration date a t  Wood Canyon fo r  the s ix  groups of stocks dist inguished 
with the SNK t e s t  [r = -0.93; a 95% confidence interval  i s  (-0.99, -0.47);  Fig- 
ure 61. This observation agrees with the pr inciple  c i t ed  by Thompson (1951 ) 
t h a t  stocks which must migrate the f a r t h e s t  t o  spawn tend t o  be the f i r s t  i n  the 
watershed. 

Mean travel  r a t e  date  f o r  1970 and 1972 were used to  ca lcu la te  the estimated 
mean date  of migration a t  the Copper River commercial f i shery  d i s t r i c t .  Differ- 
ent ia l  travel r a t e s  by month were incorporated in to  the calcula t ions .  Time 
density means f o r  the majority of the 15 stocks occurred a t  the commercial f i sh -  
ery d i s t r i c t  pr ior  t o  mid June (Table 6 ) .  Stocks whose calculated time density 
means occurred a t  the commercial f i shery  d i s t r i c t  a f t e r  mid June include Gulkana 
River: Mud Creek t o  Summit Lake, and Long Creek and Lake. These stocks have 
the two grea tes t  estimated spawning population s izes  of the  stocks examined in  
t h i s  study. 

Yearly time dens i t i e s  of stocks were analyzed f o r  form and s t a b i l i t y  of form 
between years (Table 7 ) .  The majori ty (73%) of combined-year time dens i t i e s  
were posi t ively  skewed (ql > 0 ) ,  with the  remainder exhi bi t ing negative skew- 
ness. A t o t a l  of four  stocks were consis tent ly  posi t ively  skewed, two stocks 
were consis tent ly  negatively skewed, and the remaining nine stocks exhibited 
both types of skewness between years. Platykurtosi s  ( T I  > 0 )  was observed in 
67% of combined-year time density forms, with the remainder of forms exhibit ing 
leptokur tos is .  All stocks exhibited a t  l e a s t  one pla tykur t ic  form. Thus, the  
majority of sockeye salmon stocks arrived a t  Wood Canyon in  a posi t ively  skewed, 
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Figure 2 .  Mean t ravel  r a t e  of tagged sockeye salmon between Miles Lake 
and Wood Canyon versus mean water level measured a t  Wood 
Canyon, 1970. 
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Figure 3. Mean travel  r a t e  of tagged sockeye salmon between Miles Lake 
and Wood Canyon versus mean water level measured a t  Wood 
Canyon, 1972. 



T a b l e  3. A n a l y s i s  o f  v a r i a n c e  f o r  mean t r a v e l  r a t e  o f  t a g g e d  s o c k e y e  
sa lmon f rom M i l e s  Lake t o  Wood Canyon, by month a n d  y e a r .  

Year :  1970 J u n e  J u l y  Augus t  

Mean km p e r  day  10.25 7.35 4.53 
S t a n d a r d  d e v i a t i o n  1.78 2.49 1.10 
Sample  number 10 16 4 6 

S  .S d . f .  M.S. F 

Months 308.90 2 154.45 60.57 
E r r o r  175.94 6 9 2.55 ( P L  0.P01) 
T o t a l  484.85 7 1 

Yea r :  1972 J u n e  J u l y  Augus t  

Mean km p e r  day  8.14 5.94 i n s u f f i c i e n t  d a t a  
S t a n d a r d  d e v i a t i o n  2.32 2.25 
Sample  number 9 3 0 

S . S .  d . f .  M.S. F 

Months 33.64 1 33.64 6.57 
E r r o r  189.56 3 7 5.12 ( 0 . 0 1 ~ ~  ~ 0 . 0 2 5 )  
T o t a l  223.20 3 8 



I r = -0 .65,  95% i n t e r v a l  : ( - . 7 5  , -0 .53)  
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I 
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F i g u r e  4 .  Mean t r a v e l  r a t e  of t agged  Copper R i v e r  sockeye salmon 
versus  month, f o r  1970 and 1972. 



T a b l e  4. The mean passage d a t e  o f  upper  Copper R i v e r  sockeye salmon s t o c k s  a t  Wood Canyon, grouped i n t o  s i x  
s i g n i f i c a n t l y  d i f f e r e n t  t i m e  spans w i t h  t h e  SNK t e s t .  R i v e r  k i l o m e t e r s  t o  t h e  spawning grounds a r e  
g i v e n  f o r  each s t o c k .  

Km Stock  !,lean Date 
June J u 1 y August  

~ ~ ~ I ~ ~ I ~ I I I ' I ~ I l I I I I I I I I I I f l I I I  ~ I I I ~ I I I I I I l ~ 1 I I ~ I I I i T 1 - ~  

7 17 2 7 7 17 2 7 6 

459.2 F i s h  C r  - Mentas ta  . . - * . - * 
456.9 F i s h C r  a n d L k  . . . . . . . . . .  * 
455.0 M e n t a s t a L k  . . . . . . . . . . . . .  * 
305.2 S t . A n n e C r  . . . . . . . . . . . . . . a  
292.5 M a h l o C r  . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  419.4 S u s l o t a C r  a n d L k  *-J 
I 

446.0 Gulkana R: . . . . . . . . . . . . . . . . . . . .  P a x s o n - M u d C r  * 

. . . . . . . . . . . . .  446.5 M u d C r  a n d L k  * . . . . . . . . . . .  
288.3 U p p e r K l u t i n a R  . . . . . . . . . . . . . . . . . . . . . . . . .  * 
197.6 Lower Tons ina  C r  . . . . . . . . . . . .  * . . . . . . . . . . . . . . .  
457.6 Gulkana R: 

Mud('r - S u m m i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * I 

* denotes mean passage d a t e  o f  combined y e a r s  



June J u l y  August 

F igure  5 .  In te rannua l  v a r i a n c e  i n  mean m i g r a t i o n  d a t e  o f  s t o c k s  a t  Wood 
Canyon v e r s u s  mean m i g r a t i o n  d a t e .  



T a b l e  5. E s t i m a t e d  mean d a t e  and v a r i a n c e  o f  m i g r a t i o n  ( i n  days2 )  a t  Wood Canyon f o r  upper  Copper R i v e r  
sockeye salmon s t o c k s  b y  y e a r .  Based on an average o f  e s t i m a t e d  numbers o f  sockeye salmon p e r  
t h r e e  day i n t e r v a l  , 1967-1 972'. 

1967 1968 1969 1970 1971 1972 All Years 
D a t e  s Da te  s 2  Date  s 2  Da te  s 2  Date  s Da te  s Oa t e  s 

F i s h  Creek - Mentas ta  - - - - 6 1 7  5.76 6 /  1 11.16 6/10 11.52 - - - - -- - - 61 7 19 .53  

F i s h  Creek & Lake -- -- 6/10 45.81 6/10 75.96 6/13 41.40 6 / 3  2.61 - - -- 6/10 150.21 

Mentas ta  Lake -- - - 6/10 62.46 6/16 440.64 - - - - 6/10 8.01 -- -- 6/13 125.91 

S t .  Anne Creek 6/25 50.40 6/16 73.62 6/16 121.50 6/16 93.06 611 9 43.47 - - -- 611 6 85.77 

Mahlo Creek 6/25 93.42 6/16 62.37 611 6 80.73 6/16 111.42 6/19 79.92 -- -- 6/16 85.68 

S u s l o t a  Creek & Lake - - - - 6/19 82.89 6/22 82.62 611 9 37.71 6/19 63.72 6/22 30.87 6/19 62.10 

12 M i l e  Creek - - - - - - -- 6/28 38.34 6/19 81.54 - - - - - - - - 6/28  47.43 

, Gul kana R i v e r :  
--I Paxson - Mud Creek 7/ 7 224.82 6/25 120.78 71 1 119.07 6/25 96.57 7 1 1  121.32 6/25 85.50 6/28 129.69 
cn 
I Mendel t n a  Creek 7 1 1  44.37 7 1 4  71.64 7 / 4  53.91 7/ 4 56.25 6/25 23.04 - - - - 7 1 1  66.33 

Mud Creek & Lake 7/ 7 225.09 7/ 1 165.06 7/ 4 127 .35  6/22 85.59 -- - - 7/13 280.26 7 1 4  196.47 

Upper K l u t i n a  R i v e r  7/13 111.06 7/10 41.94 7/10 52.74 7/ 1 134.91 - - -- - - -- 71 7 120.87 

Lower Tons ina  Creek - - -- -- - - 7/10 38.16 - - - - -- -- -- -- 7/10 108.54 

Gul kana R i v e r :  
Mud Creek - Summit 7/16 318.06 7/10 245.88 7/13 210.96 7/10 191.79 7/19 471.51 7/16 312.48 7/13 290.07 

Long Creek & Lake 8 / 9  184.05 8/  3 161.73 7/28 52.74 7/31 142.1 1 8 /18  16.92 8 1 6  33.93 8 1 3  136.26 

T o n s i n a  Lake - - - - -- -- 7/22 295.29 -- - - - - - - 811 2 8.64 8 1 6  251.10 

F o r  t a g  r e c o v e r i e s  2 5.  



I r = -0.93,  95% i n t e rva l  : ( -0 .99 ,  -0 .47)  
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Figure 6 .  Mean migrat ion da te  a t  Wood Canyon of s i x  groups of s tocks  
segregated with the  SNK t e s t ,  versus each group ' s  mean r i v e r  
d i s t ance  t o  t h e  spawning grounds. 



Tab le  6. Es t ima ted  mean d a t e  and range  (80%) of m i g r a t i o n  a t  t h e  commercial f i s h e r y  d i s t r i c t  f o r  upper 
Copper R i v e r  sockeye salmon s tocks ,  ranked by  t h e i r  e s t i m a t e d  mean spawning p o p u l a t i o n  s i z e .  

Stock May June J u l y  E s t .  Pop. Percen t  I I I I I I I I I I 
S i  ze C o n t r i b u t i o n  3 15 2 7 8 20 $ 1 4  96 

Gul kana R. : 
Mud C r .  - Summit Lk .  28,412 19.3 

Long C r .  & Lk.  21,662 15.1  I 

Upper K l u t i n a  R. 18,476 12.9 1 

S u s l o t a  C r .  & Lk.  12,313 8.6 __f__ 

S t .  Anne C r .  12,285 8.6 ___t___ 

Gul kana R. : 
I 
.-.I 

Paxson - Mud C r .  10,766 7.5 
V 
I Mendel t n a  C r .  7,659 5.4 

Mud C r .  and Lk.  7,584 5.3 v 
F i s h  C r .  and Lk.  6,916 4.8 t 
Mahlo C r .  5,442 3 .0  ___t___ 

12 M i l e  C r .  3,911 2.7 + 
Mentasta  Lk. 3,398 2.4 __3___ 

Tonsina Lk. 1,989 1.4 

F i s h  C r .  - Mentasta  Lk.  1,552 1.1 

Lower Tonsina C r .  823 0.6 

T o t a l  143,188 100.0 



A A 

Table 7. Estimated skewness (Y,) and kur tos is  (-y2) of migration a t  Wood Canyon f o r  upper Copper River sockeye 
salmon stocks by year.  Based on an average of estimated numbers of sockeye salmon per three-day 
in terval  , 1967-1972 l. 

1967 1968 1969 1970 1971 1972 All Years 
A A A f i  A A h fi  /i A A A h f i  

Y1 Y2 Y1 Y2 Y 1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y 2 

Fish Cr. - Mentasta - - - - 0.8 -0.9 0.2 -1.3 -0.5 -1.2 - - - - - - - - -0.3 -0.8 

Fish Cr. & L k .  

Mentasta L k .  - - - - 1.1 -0.2 1.4 0.1 - - - - 0.5 -0.7 - - - - 2.8 8.5 

S t .  Anne Cr. 

Mahlo Cr. 1.8 6.1 0.4 -1.0 0.2 -1.2 0.7 0.2 1.7 3.1 - - - - 0.9 1.9 
I 

,' S u s l o t a  Cr. & L k .  
I 

12 Mile Cr. -0.7 -1.5 - - - - -0.1 -0.4 -0.2 -0.6 - - - - - - - - -0.8 1.1 

Gul kana R:  
Paxson - Mud Cr. 

Mendel tna Cr . -1.7 1.9 1.3 6.6 0.1 2.1 -0.3 -0.9 -0.2 -0.9 - - - - 0.7 4 . 3  

Mud Cr. & L k .  

Upper Kl  ut i  na R .  1.1 -0.1 0.2 1.4 1.3 3.0 -0.1 -0.2 - - - - - - - - -0.1 0.4 

Lower Tonsina Cr. - - - - - - - - 0.7 -1.3 - - - - - - - - - - - - 2.1 5.4 
Gulkana R :  

Mud Cr. - Summit 0.5 -0.9 0.2 0.3 -0.7 0.2 0.3 0.9 0.0 -1.4 0.0 -1.5 0.2 -0.4 

Long Cr. & L k .  -0.2 0.0 -0.1 -0.9 -1.3 8.9 0.0 -1.4 -1.3 0.2 -0.9 -0.1 0.1 0.3 

Tonsina L k .  - - - - - - - - -0.9 -0.4 - - - - - - - - 0.9 -0.3 -1.5 2.4 

1 For t a g  recoveries > 5. 



platykurtic time density form, and th is  form was relatively stable for some 
stocks between years. 

DISCUSSION 

Time density calculations allowed quantification of migratory behavior and exam- 
ination of var iabi l i ty  between stocks and years. Widely fluctuating measures of 
variance, skewness, and kurtosis may be due to  inadequate data collection tech- 
niques, such as small sample s ize ,  or truncating the migration by sampling only 
a  portion of the total  run. Other sources of var iabi l i ty  include genetic and 
environmental factors,  and deviations in relat ive strengths of stocks (Mundy 
1982). One cause of var iabi l i ty  described in th i s  paper was r iver  level.  

There was a  s ignif icant  negative correlation between river level and travel ra te  
within a  given year and between years. River level affects  travel ra te  through 
the influence of r iver  velocity and drag (Barber 1982). As r iver  level increases, 
the percentage of the perimeter with respect to  the cross sectional area decreases, 
produci ng rapid increases in velocity and consequent drag on salmon migrating 
upriver. Assuming decreased travel ra tes  increases dispersion of the migration, 
increased river level contributes to  intra-  and interannual variations in the 
mean date of migration past the tagging s i t e .  

I t  was assumed that tagging did n o t  contribute to var iabi l i ty .  Killick (1955) 
determined that  effects  of the tag application are negligible over longer migra- 
tions (30 days). Since upper Copper River stocks required a t  l eas t  10 and as 
much as 23 days t o  travel between tag and recovery s i t e s ,  error  due t o  tag appli- 
cation was assumed insignificant.  

The SNK t e s t  provided an objective grouping of stock mean migration dates into 
six time spans. Assuming that  the chronological order of migration i s  maintained 
from sal ine water to  the spawning grounds, identified stocks may appear in six 
time spans in the commercial f ishery d i s t r i c t .  Because of time density range 
overlap, identified stocks cannot be managed separately. Management of groups 
of stocks may be feasible.  \ 

The majority of time density means were calculated to occur in the commercial 
fishery d i s t r i c t  prior to mid June. This corresponds with commercial catch data, 
which indicates that  the 10 year catch average to  mid June i s  82% of the total  
season's catch. 

The majority of time density forms were positively skewed and platykurtic. 
Positive skewness has been observed in chinook salmon on Yukon River, and may 
be typical of salmon migrations (Mundy 1982). PI atykurtosi s  indicates that  
migration i s  dispersed across time, rather than occurring within a  short time 
interval . 
Measures of skewness and kurtosis did not vary widely, b u t  demonstrated re la t ive  
preservation of the migratory time density form between years. Relative s t a b i l i t y  
of time density measures suggests that sources of var iabi l i ty  are not suff ic ient  
t o  significantly a l t e r  the migration form of sockeye salmon in the Copper River. 



Observations of salmon migratory behavior on the Copper River d i f f e r  from obser- 
vations on other r ivers .  While Copper River stocks demonstrated a d i rec t  rela- 
tionship between the mean migration date and variance, Waltemyer (1983) and 
Mundy ( 1  982) observed inverse re1 ationshi ps between mean run dates and variance 
in Upper Cook Inlet  r ivers and the Yukon River, respectively. Upper Cook Inlet  
salmon travel time between the commercial fishery d i s t r i c t  and enumeration s i t e s  
tended to decrease through the season, while Copper River travel time increased 
through the season. An inverse relationship between run timing and sea surface 
temperatures was suggested by both Waltemyer and Mundy. The differing patterns 
of migratory behavior suggests that sources of var iabi l i ty  which determine run 
timing character is t ics  may vary by r iver  system. 

Ultimately, run timing i s  determined by the precision required for  successful 
spawning. The evoluation of stock specific patterns i s  dependent on the average 
intragravel temperature regime during incubation, which determines peak fry abun- 
dance. Early spawning occurs in cooler temperature regimes, l a t e r  spawning in 
warm regimes (Miller and Brannon 1982). Timing of arrival on the spawning grounds 
does n o t  signify time of spawning. Some upper Copper River stocks (Fish,  Mentasta, 
Suslota Lake stocks) arr ive on the spawning grounds ear ly,  only to  mill fo r  sev- 
eral months before in i t ia t ing  spawning. 

A general relationship between entry timing on the spawning grounds and spawning 
habitat i s  exhibited by the 15 stocks examined in th i s  study. Assuming average 
intragravel temperatures are lowest in streams, higher in rivers and highest in 
lakes, early stocks tend to spawn in streams (coldest water) while l a t e  stocks 
tend t o  spawn in lakes (warmest water). The greatest  number of "middle" stocks 
tend t o  spawn in r ivers .  

Identification of the stock composition within a commercial fishery d i s t r i c t  a t  
a given time interval allows the manager to estimate the impact of fishery on  
individual stocks. The capacity of stocks to produce adult returns varies 
(Mundy 1979). For example, the two stocks with the greatest  estimated spawning 
population s ize occur in the Copper River commercial f ishery d i s t r i c t  a f t e r  mid 
June, when harvest pressure i s  declining. Is the abundance of these stocks due 
to higher productivit ies,  reduced harvest levels,  or b o t h ?  What are the produc- 
t i v i t i e s  of the early stocks, which receive high harvest pressures? If  the long- 
term harvest ra tes  on the most productive stocks exceed optimum escapement levels ,  
then combined yield will decline. 

This paper has presented estimates of the time densit ies of 15 upper Copper River 
stocks. L i t t l e  i s  known of the migratory time densit ies of other Copper River 
stocks, including those originating in the Copper River delta.  Future research 
should be directed toward continued identification of stocks, t he i r  migratory 
time densi t ies ,  and  productivit ies.  
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Fish Creek and  Lake 

FIG.1 P r o p o r t t o n  o f  Estimated Population Returning v s  ttme11967-19741 



Mentas ta  Lake 

FIG.2 P r o p o r t t o n  o f  Esttmated Population Returning vs tlme(1967-19741 



Mehl o Creek 

FIG.3 Proportton of Estimated Populatton Returning vs time(1967-19741 



S t .  R n n e  Creek 

FIG.4 Proportion o f  Est l rnated Populat~on Returning vs tlme(1967-19741 



S u s l o t a  Lake 



F t s h  Creek-Mentasta 

FIG.6 Proportion of Estt rnated Populatton Returning vs  tIme(1967-19741 



12MI Creek-Paxson Lake 

FIG.7 Proportion o f  Es t tmated  P o p u l a t t o n  R e t u r n l n g  vs tlme11967-19741 



Gulkana River: Paxson -  MU^ Cr. 

FIG.8 Proportion of Esttrnated Population Returning vs tlme(1967-1974) 



Mendel t ne Creek 

FIG.9 Proportion o f  Estimated Population Returning vs tlme(1967-1974) 



Mud Creek and Lake 



Upper K u l t I  na RIver 

FIG.11 Proportion o f  Estlmated Population Returnlng v s  .time(1967-19741 



Gulksne R.-Mud Ck. Summlt 

FIG.12 Proportton of Estlmated Populat~or, Returning vs  tIme(1967-1974) 



Lower Tons I na Creek 

FIG.13 Proportion of Estlmated Population Returning vs  tIme(1967-19741 



Long C r .  and Lk. 

FIG.14 Proportion of Estimated Population Returning vs tlmeI1967-19741 



Tons i na Lake 

FIG. 15 P r o p o r t  I on of Es t  I mated Popul a t  l on R e t u r n  l ng vs t I me (1967-19741 
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